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Introduction 


The following pages describe the results of work performed under NASA 
Consortium NCC2-5058, including the development of a nonlinear simulation, 
results for the Martian entry problem, and a sizing study to determine whether the 
approach is feasible. 

The nonlinear simulation is described here and results are presented for several 
cases using Martian and Terrestrial atmosphere models. The results show that a 2.5 
kg payload could be successfully delivered to the Martian surface using this 
approach and the report suggests an earth-based test of the system. 

Prior to the specific analysis presented here, a theoretical study of the mechanics of 
autorotation was completed, and a summary of this work is also included as part of 
this final report. 



Nonlinear Simulation 




Nonlinear Simulation Results 
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autorotation 

Size adjusted for 65 ft/sec terminal sink rate 




Nonlinear Simulation Results 
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Nonlinear Simulation Results 
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LE suction = 0 mimicks separated flow drag case (for low Re & high 
Blade trims on the edge of stall 
Terminal sink rate is 100 fps (acceptable) 
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practical minimum is AR = 4 
Baseline is AR=4, radius=4 ft 
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Introduction 



• Autorotation reduces rate of descent, seeds dispersed by wind 

• Nature's 'simplest' flying machine 


Seed Dispersion Using Aerodynamic Lift 



Gliding is favored only when there is little surface wind 


Outline 
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Previous Work 




Real seeds are only 10 to 35% greater than minimum 


Airfoil Section Performance 



is symmetric and deeply ribbed 

d shape helps trip boundary layer and stabilize laminar bubble? 


Parasite Losses - Blade Element / Momentum Theory 



Cl local is found from thrust = weight 
Solve for vi and Cdp local 



Performance with Parasite Loss 



Cap not as important to seed as glider (airfoil not critical) 

Induced loss dominates because sink speed determines mass flow 




Radial Station (ft) 

Chord distribution produces nearly constant downwash 
Blade Cl is not large near tip 



Stability 
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Autorotation not sensitive to small variations in blade camber or twist 
Autorotates with either side of blade facing up 


Feathering Axis Stability 
Previous Theory for Maple Seed 

(McCutchen, C. 1954, Norberg, R.A. 1973) 



\ « 
* x 

' < 


O 

< 


60 - 
O ^ 

s - 


J? x 

o g 

Q. 2 
O = 

E £ 
2 co 

>» *0 
■D C 
O CO 

CD C 
CO O 

.2 CO 

5 8 

CO — 
CD 0 

CO o 

CD 0 
0 3 

C/D -o 


Seed is like flying wing airplane in a tight circling flight path 


Example of an Aerodynamically Stabilized 'Seed 

C. W. McCutchen Wing 



Trims at a fixed angle of attack (power or glide) 
Will only fly with proper side upward 




Feathering Axis EOM 



Lift Pitch 

@ AC Inertia 


Feathering Axis EOM (cont) 
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Comparison with Helicopter Rotor 






Comparison with Helicopter Rotor (cont) 





Numerical Simulation of Autorotating Seeds 
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4th order Runge-Kutta integration 


Simulation Results 



Time (sec) 




Dynamic Stability - Effect of Pitch Inertia 

Side View 



Dynamic Stability - Effect of CG location 

Side View 



increases dynamic stability 



Advancing Blade "Flap Back 



Coning Induced Lift Change 



Motion is a left circle due to advancing blade and coning effects 
Dynamic stability determines whether motion damps out 


Types of Dynamic Stability 



R and large Q. for fixed disc loading 




Transition: Falling to Autorotation 
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T ransition (cont) 



Ratio of Ixx to Ivy is Critical 


Transition - Simulation Results 



Time (sec) 



Transition - Notes from Simulation Work 
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Application of Gyroscopic Feathering Axis Stability for 

Advanced Rotor Design 
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Airfoil Pitching Moment Reduction 
Using Centrifugal Force 



Allows tansonic airfoils with large negative pitching moments at rotor tip 
Reduces torsional aeroelastic problems 


Possible Rotor Designs for Tailored Ixz 



Split Tip 


Gyroscopic Stability for Feathering Axis of a 
Bearingless Rotor Design 



Gyroscopic stiffening can significantly improve aeroelastic stability 



Integrated Design of Advanced Bearingless Rotor 
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= rotor dynamic state vector 
= rotor control vector 


Applications of 

Single-Winged Autorotating Devices 

Gyrosonde 
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Replaces parachute dropwindsonde 

Packing efficiency, robust deployment, cheaper to manufacture 



Samara-Winged Decelerator 



Rotary motion used to scan battlefield with a sensor 



Applications (cont) 

Mars Entry Vehicle 
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More robust than parachute 

Sensor can see sky during descent 

Not as sensitive to surface wind after landing 


Possible Applications 



Inherently stable in hover 
No license required to fly 


Large Folding Autogyro 
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Conversion Aircraft 



• Demonstrates conversion from aircraft 
to autogyro with single wing 

• Purpose ? 



